inquiries in Sheffield by Mr R. S. Bennett, one of H.M. inspectors of factories. Dr Copeman also visited various factories where ferro-silicon is made in the south-eastern district of France, whence the greater quantity of this material is exported to England. Ferro-silicon is also manufactured in some parts of Austria, Switzerland, and Italy, and in Norway and Sweden. Dr Copeman inspected the various processes of manufacture, and collected a large number of samples of this material from the manufacturers and users, and I esteem myself fortunate in having been recommended by him to examine these samples chemically and " to assist in defining the nature and extent of the danger from ferro-silicon."
The report which Dr Copeman recently presented on the whole matter covers 115 pages, and includes a report by Mr Bennett on the physical structure and properties of ferro-silicon and my own investigations. This report is already becoming scarce, owing to the great demand for it on the part of those specially interested, and I thought that a very brief resume of the main facts set forth, and more particularly as regards the poisonous gases liable to be evolved from ferro-silicon, would also have a special interest for this Society, as the subject is comparatively new from a toxicological point of view, and is essentially medico-legal in its aspects.
Nature and Uses of Ferro-silicon.
Few people are aware of the nature and uses of ferro-silicon, which has only been manufactured on a large scale during the last ten years and of which some 4000 tons are annually imported into England from France. Without entering into unnecessary details, I may say that ferro-silicon is a physico-chemical alloy of iron and silicon which is employed in the manufacture of steel. Silicon has a high calorific value and acts as a metallurgical fuel ; hence by causing molten steel to remain fluid for a long time it enables thin and intricate castings to be made, and by its reducing action it prevents the formation of blowholes in castings. The addition of silicon to steel imparts to it, among other valuable physical properties, a high tensile strength when present to the extent of rather less than one per cent., together with small proportions of carbon and manganese. Hence silicon steels are used in motor-car construction. The proportion of silicon in ferro-silicon varies from 10 per cent. to 96 per cent. When the proportion of silicon is under 25 per cent. the alloy is known as low-grade, while when it is above 25 per cent.
the alloy is called high-grade ferro-silicon. The low-grade variety can be made in blast furnaces, but the higher grades require the very high temperatures only obtainable by the electric furnace. Hence, while low-grade ferro-silicon is made in England, high-grade ferro-silicon is at present almost exclusively manufactured on the Continent. Although the high-grade variety is more costly, certain techincal advantages derived from its employment have caused it to largely displace the low-grade ferro-silicon.
Fatal and other Accidents due to Transport and Storage.
It has, however, been discovered-and the facts have only gradually come to light in connection with what seems to me an appalling sacrifice of human life-that high-grade ferro-silicon is liable to evolve gases of a deadly poisonous nature when brought into contact with water, or even when exposed to the action of moist air. In the first portion of his report Dr Copeman describes in detail the various accidents, fatal and otherwise, which are known to have occurred up to the present time in connection with the storage and transport of ferro-silicon. A very brief reference to these will be of interest.
December 1903.-The earliest record is that of an explosion of some iron drums containing ferro-silicon which had been brought to Liverpool by the s.s. Feria. A porter was seriously injured by the explosion. The late Dr Dupre, F.R.S., and Captain Lloyd, R.A., investigated the matter, and attributed the explosion to the presence of phosphoretted hydrogen. Mr Watson Gray came to a similar conclusion, and also found that acetylene and arseniuretted hydrogen were evolved by the material. 1anuary 1905.-0n the s.s. r aderland during a voyage from Antwerp to New York fifty of the steerage passengers lodged over a hold in which a cargo of ferro-silicon was stored were made seriously ill by the fumes given off by this substance and eleven died on board. The deaths were certified as due to "pneumonia"; a first official inquiry attributed them to unknown causes; later, a fuller inquiry revealed the true cause.
October 1905.-Dr J. F. Robertson of Althorpe was called to the Keadby Canal to see two children, aged three and four years, lying ill in a canal boat. One of the children was dead before he arrived; the other was in a state of collapse and died soon afterwards. The father and mother suffered from abdominal pain, sickness, and diarrhoea. A peculiar and pronounced smell was noticeable in the cabin. No poison was found in the food or viscera at the post-mortem examination; only some congestion of the lungs was observed. Five tons of ferro-silicon were on board. Death was attributed to the fumes from this material. The coroner communicated the facts to the Board of Trade.
March 1906. -Two children died on board a Rhine boat (Caroline) of Mannheim, There was a cargo of 750 cwt, of highgrade ferro-silicon on board, which was stored immediately under the cabin. Dr Lehnkering of Duisberg investigated the matter and proved the evolution of phosphoretted hydrogen from the cargo. The parents of the children suffered .from headache and giddiness, but kept as much as possible on deck. Dr Lehnkering refers to other similar instances of poisoning and one death in Rhine boats.
February 190J.-The Olaf-Wyk arrived at Antwerp on the evening of February 12, having left Gothenburg on the 9th with six passengers. Four of the passengers died during the voyage; the captain, the stewardess, and some of the crew were also taken ill, but recovered. Fifteen tons of ferro-silicon were on board in the hold of the vessel immediately under the passenger cabins. Professor Cronquist of Stockholm and Messrs Bruylants and Druyts of Antwerp investigated the matter, and proved evolution of phosphoretted and arseniuretted hydrogen. The latter calculated from their experiments that the cargo was capable of evolving 2500 litres of phosphoretted hydrogen containing 5 per cent. of arseniuretted hydrogen (0'025 per cent. PHs in air is a fatal proportion).
May 1908.-On the s.s. Uleaborg during a voyage from Stockholm to St Petersburg nearly all the crew and second-class passengers were taken ill; two deaths occurred. Forty-five tons of ferro-silicon were stored in the holds of the ship.
October 1908.-The "captain" and his mate ·on board the canal boat Harry were taken ill and died from the effects of poisoning by fumes from ninety-one barrels of ferro-silicon during a voyage from Goole to Sheffield. The" captain's" wife, Mrs B., was taken ill, but recovered. The ferro-silicon was described as "scrap iron." Ptomaine poisoning was suspected at first. Legal proceedings were taken by Mrs B., who was awarded damages.
Other Canal-boat Cases.-On further inquiry at Sheffield several similar cases on canal boats were brought to light. In one instance two boys aged fourteen and sixteen years, and in another two children, were found unconscious in their cabins; in the latter case a dog was found dead in the same cabin.
December 1908.-Finally, the death of five Russian immigrants occurred on the s.s. Ashton during a twenty-four hours' voyage from Antwerp to Grimsby. This was widely reported in the press, and will probably be fresh in the minds of members of this Society. Dr W. B. Simpson investigated the cause of death. Cholera and ptomaine poisoning were suspected, but the deaths were finally traced by Professor W. R. Smith to the evolution of gases from a cargo of ferro-silicon.
Illness among Workmen.-Reference is also made to illness among workmen in steel works due to fumes from ferro-silicon.
As already noted, it was this last unfortunate incident on the s.s. Ashton which determined the investigation of the whole matter by the Local Government Board.
It will have been seen that in connection with most of the inquiries relating to these numerous fatalities there was, in the first instance, considerable mystery as to the cause of death, and although several eminent scientific workers were engaged in some of the investigations it only gradually became clear that this product of technical industry, which was held in such high esteem by its manufacturers and users, was also, under certain circumstances, a dangerous and deadly instrument of destruction.
Notwithstanding these tragic events the material continued to be manufactured and used, a condition which necessarily obtains when a large outlay of capital is involved, but some echo of a growing uneasiness began to be reflected on the part of shippers, who refused to take consignments of ferro-silicon, and among foreign manufacturers, who met to discuss the precautions necessary to be taken in view of the fatalities which had occurred. Matters had reached this stage when Dr Copeman commenced his inquiry, which may well be described as a delicate and difficult one, inasmuch as the interests of the steel trade were at stake as well as those of the manufacturers, and there was a tendency among shippers to condemn the material wholesale. More minute inquiries have shown that this dangerous tendency to evolve poisonous gases was more especially referable to certain grades of ferro-silicon, notably to those averaging a content of between 40 per cent. and 60 per cent. silicon, and that some of these grades especially showed the curious physical property of spontaneous disintegration; the lumps of which they consisted were found to be liable to crumble during transport and in some instances to actually fall to powder, thus presenting a larger surface to the action of a moist atmosphere and hence becoming liable to evolve greater quantities of injurious gases.
Chemical Investigation of Ferro-silicon.
A careful examination of a large number of samples has fortunately demonstrated that. this tendency to disintegration is confined more especially to the middle grades, while in the lower and higher grades it is absent, and the serious situation which had arisen seems now in a fair way to a successful solution. I propose to show you briefly some of the steps by which this desirable conclusion was reached.
In describing my own experiments I should like to say that without the mass of information and intimate acquaintance of the various conditions involved, which Dr Copeman placed at my disposal, I could not, even in the six months over which my work extended, have arrived with equal certainty at the conclusions which I am glad to think "assisted in defining the nature and extent of the danger from ferro-silicon." (I had over seventy samples of this material submitted to me, representing all grades and most leading manufacturers.)
I will first point out the origin of the impurities which cause the evolution of these poisonous gases from certain grades of ferro-silicon. For this purpose I must refer briefly to the method of manufacture of the higher grades.
Manufacture.-A mixture of steel turnings obtained from gun foundries, together with quartz and coal from neighbouring mines, is put into an electric furnace of a capacity of about 1500 kilogrammes and heated to a temperature roughly computed at from 1800°to 2000°C. The quantities of quartz (which contains about 96 per cent. of silica or silicon dioxide, Si0 2 ) and anthracite coal (containing about 90 per cent. of carbon and 10 per cent. of ash) are always used in the proportion of one molecule of silica to two atoms of carbon, so that complete reduction of the former to silicon (Si) shall occur, according to the chemical equation :-Si0 2 +2C= Si +2CO. The proportion of iron taken varies, and depends on the grade of ferro-silicon required -that is, on the desired percentage of silicon in the alloy ultimately produced.
Impuritt'es.-Certain impurities originally present in the coal, iron, and quartz used, or formed from them during the process of manufacture, are always present, and some of these, although amounting to a very small percentage of the finished product, are the ultimate cause of the serious mishaps which have arisen from the extended use of ferro-silicon, Calcium phosphate [CaaCP04)2], one of the impurities present in coal and in quartz, which in itself is a perfectly harmless salt, insoluble in water and widely diffused in nature, is responsible for the production of a dangerous compound by reduction in the electric furnace, in the presence of carbon, to calcium phosphide (Ca gP 2). This calcium phosphide remains in the ferro-silicon, and in contact with water or moist air is decomposed with evolution of phosphoretted hydrogen (PH g ) , the intensely poisonous character of which has been referred to above. I examined three samples of quartz and three samples of coal or coke used by various manufacturers, and found calcium phosphate in considerable quantity in all of them.
Arsenic, again, an element closely allied to phosphorus in its properties, is another impurity liable to be present in various combinations in coal and in iron, and this element also finds its way into the ferro-silicon apparently as calcium arsenide. Calcium arsenide is also decomposed by water or moist air, evolving arseniuretted hydrogen (AsHg), a gas scarcely, if at all, less poisonous than phosphoretted hydrogen.
Acetylene (C 2H2) was formerly found as an impurity evolved by ferro-silicon, but this was probably due to the fact that furnaces used for the manufacture of calcium carbide were also used for making ferro-silicon. This is no longer the case. Acetylene is not generally considered poisonous unless present in large proportions in air, its alleged poisonous properties being in all probability due to a small amount of phosphoretted hydrogen which it is likely to contain.
Siiiciureued. hydrogen (SiH 4) has also been somewhat loosely suggested as an impurity liable to be evolved by ferro-silicon, but this gas is decomposed in contact with moist air into silica and hydrogen.
From my own experiments, as well as from a consideration of the chemical facts above referred to and of the mode of manufacture, it became finally evident that the poisonous emanations evolved from ferro-silicon by the action of water consist mainly of phosphoretted hydrogen-sometimes alone, but for the most part accompanied by varying proportions of arseniuretted hydrogen. These two gases are deadly poisons, and among the symptoms common to both, produced by their inhalation, are severe abdominal pains, nausea, vomiting, great weakness and prostration, gradual loss of consciousness, and death frequently within twenty-four hours. Phosphoretted hydrogen has been proved by recent experiments" to be fatal to animals when present in air in the small proportion of 0'025 per cent., and, so far as experience goes, arseniuretted hydrogen is scarcely less toxic.
Qualitative Proof of Pbospboretted Hydrogen.-The first step in the examination of the samples was to prove by a qualitative test the presence or absence of phosphoretted hydrogen. I devised for this purpose a simple and rapid test based on Scherer's test for phosphorus in cases of poisoning by that element. Phosphoretted hydrogen, as is well known, blackens filter-paper which has been moistened with a solution of silver nitrate, but will not affect a test paper moistened with a solution of lead acetate. Inasmuch as sulphuretted hydrogen blackens both of these test papers this gas must be absent when the test is applied. In only one sample out of the many which I tested did I find sulphuretted hydrogen evolved by the action of water alone on ferro-silicon. I took a conical Erlenmeyer flask of about 75 cubic centimetres capacity and fitted it with a cork, into which was inserted a short piece of glass rod, the free end of which was drawn out so as to form a double hook. On these hooks were hung the two test papers above referred to. About one gramme of the freshly powdered sample was placed in the bottom of the flask, half a cubic centimetre of water was added so as to moisten the powder, and the cork with its suspended test papers quickly replaced in the neck of the flask. Without entering into details, the following It is obvious from a consideration of the chemical work already published that the object of the various investigators has been in each case to show that, under the particular circumstances of a given fatality, sufficient amounts of phosphoretted (and arseniuretted) hydrogen were yielded by the action of moist air on the ferro-silicon cargoes to produce an atmosphere containing a toxic proportion of these gases.
To prove this point they took samples of the ferro-silicon, and having broken them up into small fragments they placed them in a tube, flask, or other convenient vessel, so that moist air could be passed over the lumps and be subsequently examined by qualitative or quantitative tests. Great ingenuity and skill have been displayed in such experiments, but the processes employed were for the most part capable of affording approximative results only, and tended rather to underestimate than otherwise the phosphorus and arsenic present in gaseous combination.
The problem I had before me in examining a large number of samples of ferro-silicon from very various sources was, however, of an entirely different character, for it was obvious, in the first place, that it was essential not only to prove the presence or absence of phosphoretted and arseniuretted hydrogen, but to make the experiments in such a manner as to compare all the samples without prejudice to any particular manufacturer. In order to cope with this problem successfully it was clearly necessary to determine the total poisonous impurities in each of the typical samples examined. On this basis only was it possible to make a complete and entirely fair comparison. It further became necessary to devise some of the methods by which both the phosphoretted hydrogen and arseniuretted hydrogen could be accurately and separately determined, as especially in the case of the first-named gas no generally recognised methods have been suggested. I think, however, I have successfully overcome this difficulty.
Estimation of Pbospboreued Hydrogcn.-After several attempts to oxidise the phosphoretted hydrogen by passage of the gas evolved from the samples into (I) nitric acid, (2) permanganic acid, (3) bromine water, etc., none of which methods proved satisfactory for various reasons, I finally made the following three series of experiments on a number of typical samples, approaching the estimation from three entirely different standpoints, with what, I think, may be considered a practically perfect agreement of results.
The following is a description of the methods employed :-In all cases immediately before making the estimations the sample was powdered and three quantities of 10 or 20 grammes were weighed at once and placed in three flasks of 100 cubic centimetres capacity with 20 cubic centimetres of water, and the flasks corked. Identical samples were thus secured, and the following three estimations carried out without delay.
(a) Estimation of silver precipitated from a decinormal solution of silver nitrate by the gas evolved from a known weight of the powdered sample by the action of water [3Ag = PHg].-One of the flasks containing the sample mixed with water, as above described, was next fitted with a cork through which a piece of thermometer tubing, bent twice at right angles, was passed, a pipette being attached to the free end of this delivery tube. The flask with cork and fitted tubes attached was then fixed over a sand bath, and the end of the pipette arranged to dip to the bottom of a conical vessel containing 10 cubic centimetres of decinormal silver nitrate solution. The sand bath was then heated and the temperature gradually raised till the water in the flask boiled. As the gas evolved bubbled through the silver nitrate solution, a black precipitate of silver phosphide was immediately produced. The heating was continued usually for about ten to fifteen minutes until no more gas was evolved, which was proved by disconnecting the pipette from the delivery tube and testing the issuing steam with a moist silver nitrate paper, when usually no discoloration occurred or the faintest brown tinge was produced. The pipette was then rinsed into the conical vessel and the silver solution filtered from the black precipitate, which was washed until the washings were free from silver. To the filtrate were then added 10 cubic centimetres of strong nitric acid and 5 cubic centimetres of saturated iron solution, and it was then titrated with decinormal ammonium thiocyanate according to the wellknown method of Volhard. The residual unreduced silver was thus estimated. By this process, which has the special advantage not only of extreme accuracy but also of great rapidity, the weight of silver reduced by the gas evolved from a known weight of the sample is found.
From the relation 3Ag = PHs the number of cubic centimetres of phosphoretted hydrogen corresponding to the weight of silver precipitated can be calculated. Absolutely identical results are obtained on repeating the estimations, provided that the material for experiment is taken from the same powdered example.
(b) Estimation of goldprecipitated from a solution of goldchloride by the gas evolved from a known weight of the powdered sample by the action of water [Au = PHs] .-Exactly the same apparatus was used as above described and the experiment carried out in the same manner, except that the gas evolved was led into 25~ubic centimetres of a 0'5 per cent. solution of gold chloride and the metallic gold so precipitated was collected on a filter and weighed. carried out exactly as described under (a), but instead of filtering the silver solution, this solution, together with the suspended precipitate, was transferred to a dish, oxidised with nitric acid, the silver removed by means of sulphuretted hydrogen, and the phosphoric acid present estimated as magnesium pyrophosphate.
The results of all three experiments in this series were then compared, and were found, on the whole, to agree closely, although one or two of the silver estimations showed a rather higher result than was given by the gold and pyrophosphate methods. The following examples illustrate this agreement :-Volume of phosphoretted hydrogen evolved from 10 grammes of powdered sample, calculated fromNumber of Sample, (a) Weight of (b) Weight of (c) Weight of Silver, Gold. Pyrophosphate,
LI.
2'52 c.e, 2'36 c.c, 2'50 c.c, i.n.
Estimation of Alkalinity (lime) of Samples after being acted upon by Water.-It has already been pointed out that by the reduction of calcium phosphate [Ca 3(P04 )J present in coal and quartz, calcium phosphide (Ca aP2 ) is liable to be formed during the manufacture of ferro-silicon, I tested the samples of ferro-silicon after they had been acted upon by water and found that when any gas had been evolved the contents of the flask were invariably alkaline to litmus and that the water used contained free lime, I therefore made determinations of the alkalinity after the action of water in a large number of samples.
I had hoped that these lime estimations would add a fourth method to those already described for the estimation of phosphoretted hydrogen. But assuming the lime to have been originally present in the sample as calcium phosphide (Ca S P2), tlie quantities found corresponded, in the majority of instances, to only one-third or one-half of the volume of phosphoretted hydrogen found by the previous three methods, except in the case of samples containing from 60 to 96 per cent. silicon, where for the most part the agreement was fairly close, while in two instances an excess of lime was found. The discrepancies noted, therefore, require explanation, and the following occurs to me as probableviz. that the greater amounts of phosphoretted hydrogen found by the first three methods of determination (which agree inter se) are partly accounted for by the presence of calcium phosphide and partly by the fact that some free phosphoretted hydrogen is occluded in the samples.
The assumption of occlusion in certain grades is strengthened by the sudden evolution of gas which occurs on breaking lumps of ferro-silicon containing about 50 per cent. of silicon. This sudden evolution of offensive gas which is so characteristic can scarcely be accounted for by the decomposition of calcium phosphide only, which, although it occurs rapidly in a moist atmosphere, is not instantaneous.
Arsenic.-That arseniuretted hydrogen is present in some samples has already been demonstrated by previous investigators. Apparently, however, no attempt has been made to test directly for arsenic in the gas evolved by the action of water on ferrosilicon, to effect which I devised the following experiment :-Carbon dioxide evolved from pure marble and pure hydrochloric acid in a Kipp's apparatus was passed first through a Drechsel wash-bottle, containing a solution of sodium bicarbonate, to arrest any traces of hydrochloric acid, and next into a flask containing the powered ferro-silicon and water. This flask was fitted with an indiarubber stopper perforated by two tubes, one for the inlet of the carbon dioxide; the other for the outlet of the same gas, together with any other gases evolved. The mixed gases were then passed through another Drechsel wash-bottle containing a little water, and finally through a calcium chloride tube before passing through a narrow tube of J ena glass with its end drawn out, such as is used for the deposition of arsenic from a Marsh-Berzelius apparatus. The Jena glass tube was heated by a small Bunsen flame.
The carbon. dioxide gas was first tested for arsenic bypassing it for a considerable time through the apparatus before putting the flask containing the sample into connection. The flask containing 10 or 20 grammes of the powdered ferro-silicon together with 20 cubic centimetres of water was then connected up and gently heated and the carbon dioxide slowly passed through. In the majority of cases, with certain exceptions, a black deposit was obtained, which in all instances was proved to be arsenic by the production of well-defined microscopic crystals (tetrahedra and octohedra) of arsenious oxide in the usual way.
I had hoped to estimate the arsenic by this method, by weighing the J ena tube before and after the experiment, and did in fact make a few such weighings. Obviously, however, some phosphorus was also deposited, the amount of which, though exceedingly small, proved sufficient to entirely vitiate the quantitative estimation of the arsenic. Sometimes the phosphorus was just visible as an orange deposit near the flame, while sometimes, though present, was not to be seen. I therefore resorted to another method of estimating the arsenic after the removal of the phosphoretted hydrogen which is described later.
These preliminary experiments, however, served a useful purpose, and it is for this reason that they are mentioned-viz. they proved the simultaneous presence of phosphoretted and arseniuretted hydrogen in the gases obtained direct by the action of water on [erro-silicon samples.
The phosphorus deposited with the arsenic in these experiments was proved to be such by conversion into phosphoric acid with nitric acid and application of the molybdate test.
Some experiments were made with calcium phosphide and water alone under the same experimental conditions, the results of which showed that about 20 per cent. of the phosphorus present in the phosphoretted hydrogen evolved was thus deposited, the remaining 80 per cent. being volatilised.
. Estimation of Arsenic in the Samples.-The gases evolved from 10 or 20 grammes of a powdered sample of ferro-silicon by the. action of water were passed into decinormal silver nitrate solution and the reduced silver solution filtered. Any traces of arsenic present would be contained in the filtrate in the form of arsenious acid (Hoffmann's reaction). The filtrate was then poured into a Marsh-Berzelius apparatus in which hydrogen was being evolved. In nearly all cases, with some exceptions, arsenic was deposited as a mirror in the Jena glass tube and its weight obtained. All the usual extreme precautions were taken in these estimations. The Marsh-Berzelius apparatus was entirely constructed of glass; the zinc and hydrochloric acid used for the evolution of hydrogen were specially tested for purity, etc., in the manner well known to toxicologists.
From the amount of arsenic obtained from a known weight of the sample the corresponding volume of arseniuretted hydrogen was calculated from the relation As = AsH g • The greatest amount of arsenic obtained from 10 grarrimes of any sample was 1"6 milligrammes. In some cases, however, the reaction was negative, and in others varied from an unweighable trace to 1"2 milligrammes. The volumes corresponding to these weights are 0'0 to 0'4-7 cubic centimetre, or, expressed as percentage volume of total poisonous gas evolved, from 0'0 to 13'0 per cent., the average being about 7'5 per cent.
I have omitted reference to many other experiments which I made in the course of my investigations, such as determinations of relative hardness and specific gravity, observations as to presence or absence of disintegration after the lapse of some months' storage, and of the effect of exposure of samples to moist and dry air respectively, all of which are described at length in the Local Government Board Report. I should also have liked to refer to Mr Bennett's interesting report on the physical structure and properties of ferro-silicon, but time will not permit me to discuss these points.
I will therefore conclude by a reference to the general summary of my results in which I have expressed approximately the total volume of poisonous gases evolved from some samples of ferrosilicon in cubic feet per ton. The following abbreviated (cubic feet per ton). These figures are given with a view to emphasise the potential danger of certain grades of ferro-silicon in connection with its transport, storage, and use in large bulk; and when it is remembered that phosphoretted hydrogen acts fatally when present in so small a quantity as zf volumes of the gas in 10,000 volumes of air, and that arseniuretted hydrogen is scarcely less dangerous, it will be seen that the atmosphere of a cabin on board ship might, under certain conditions, very rapidly assume a toxic character if ferro-silicon forms a part of the cargo, as has indeed been sadly demonstrated by the fatalities already recorded.
After consultation with Dr Copeman, and as a general conclusion based on the examination of sixty-four samples of all grades, I have classified these grades in three groups as follows:-Class 1., to to 30 per cent. silicon, containing practically no poisonous impurities and not liable to spontaneous disintegration.
Class II., 70 to 96 per cent. silicon, not entirely free from poisonous impurities but also not liable to disintegrate spontaneously.
Class III., 35 to 60 per cent. silicon, containing, in most instances, a considerable proportion of poisonous impurities, and in addition being more or less liable to spontaneous disin tegration.
Finally, I am pleased to be able to state that the summary of conclusions and suggested regulations as to precautionary measures in connection with the transport and storage of ferrosilicon put forward by Dr Copeman on pp. 113-115 of his report have been officially adopted without any modification by the Board of Trade.
DR WILLCOX emphasised the deadly nature of the poisonous gases evolved, and pointed out that the insidious onset of the symptoms frequently led to quite an erroneous impression as to their true cause. . The gases which caused the fatal effects (phosphoretted hydrogen and arseniuretted hydrogen) existed in such small proportion in the air breathed that unless special apparatus were at hand it was likely that in many cases it would be impossible to detect their presence before harm had been done. I t was also very likely that by an analysis of the viscera after death it would be impossible to detect the poisons which had produced the fatal result, since so small a quantity of them would be present in the body, and in the case of phosphoretted hydrogen this would be no doubt speedily decomposed into harmless oxidation products. He considered the chemical methods which Dr Hake had devised in the analysis of the gases evolved from ferro-silicon were extremely well suited for accurate work, and at the same time were simple and could be carried out by any analyst in his ordinary laboratory. The work of Dr Hake had been productive, not only of valuable scientific results. but had been the basis of the very valuable
